Teicoplanin, a glycopeptide antibiotic, was evaluated for safety and efficacy in the treatment of vascularaccess-associated bacteremias and of bone and joint infections due to susceptible gram-positive organisms. Of 35 patients enrolled, 26 had osteomyelitis, 8 had vascular-access-associated bacteremias, and 1 had a joint infection. A total of 38 gram-positive isolates were identified: 23 Staphylococcus aureus and 6 coagulasenegative staphylococcus and 9 streptococcus isolates. After at least 6 months of follow-up, 17 patients were evaluable for efficacy: 10 of 14 (71%) with osteomyelitis and 3 of 3 with vascular-access-associated bacteremias had full resolution of their infections. Inadequate debridement, the presence of metal, and inadequate dosing were likely causes of two failures and two relapses in patients with osteomyelitis. For all but two organisms, teicoplanin MICs were <2 ,ug/ml. Patients who responded had median peak and trough serum bactericidal levels at serum dilutions of 1:64 and 1:16; trough levels of teicoplanin in serum were >30 pg/ml. Patients did not respond as expected to daily doses of 4 mg/kg of body weight, which consequently were increased to :15 mg/kg. Audiology testing of 20 patients found 2 with a mild loss of high-frequency hearing; 1 patient complained of tinnitus. Patients tolerated peak levels in serum as high as 127 ,tg/ml and trough levels of 49 ,Lg/ml. However, 5 of 18 patients (28%) whose daily dose was -12 mg/kg developed drug fever and rash and had teicoplanin discontinued. Further study of the antibiotic at such higher doses is needed.
(>90%) and has a much longer half-life in serum than vancomycin (>50 h) (7a, 16) . In addition, teicoplanin may have less vestibular toxicity and ototoxicity than vancomycin and has the advantage that it can be given intramuscularly as well as intravenously (8, 9, 14) .
This study was performed to evaluate the safety and efficacy of once-daily teicoplanin in the treatment of bone and joint infections and of vascular-access-related bacteremia caused by gram-positive bacteria. The study also generated data on dose levels of teicoplanin necessary for the successful treatment of these infections. Serum bactericidal activity and levels of teicoplanin in serum were documented during the study.
MATERIALS AND METHODS
Patients. Patients, all enrolled from August 1986 through June 1989, were hospitalized at the St. Louis University Medical Center and had either vascular-access-associated bacteremia or bone or joint infection due to a gram-positive pathogen. Vascular-access-associated bacteremias were defined as bacteremias that were considered the result of a contaminated vascular-access device and required removal of the device for treatment. That is, positive blood cultures of the same pathogen were obtained from blood sampled through a peripheral site (not through an infected site) and from a contaminated vascular-access device. The study was a phase two, open, nonrandomized study of infections that could be treated with a glycopeptide antibiotic. After initial administration in the hospital, teicoplanin therapy was designed to continue on an outpatient basis.
Patients were excluded if they had a history of hypersensitivity to vancomycin other than "red neck" syndrome or if they were pregnant or nursing, had a serum creatinine level of >2.5 mg/100 ml, had liver function test results that were more than four times the hospital laboratory normal, were unlikely to survive for 48 h after enrollment, or had a history of hearing loss or abnormal vestibular function. Serum studies. An agar-disk diffusion susceptibility bioassay with Bacillus subtillis (ATCC 6633) was used to determine peak and trough levels of teicoplanin in serum samples drawn at dosing periods 3 and 7 and weekly thereafter (4) . Serum bactericidal levels were assayed by a microtiter method that used serum from the specimens drawn for serum drug level determinations (13) . Heat-treated human serum in Mueller-Hinton II broth (1:1 [vol/vol]) was tested in serial dilutions with an inoculum of the patient's pathogen (3 x 105 CFU/ml); the endpoint was the maximum dilution causing at least 99.9% killing.
Microbiology. Aerobic and anaerobic cultures were processed by standard methods. Gram-positive pathogens were tested by disk diffusion and in most cases by microtiter assay for susceptibility to oxacillin, vancomycin, and teicoplanin (1, 10) . Microtiter dilutions were made with Mueller-Hinton II broth, and teicoplanin was dissolved in 0.2 M phosphate buffer, pH 7.4. MBC determinations were not carried out.
RESULTS
Study patients. Thirty-five patients with gram-positive bacterial infections received teicoplanin. Twenty-six had osteomyelitis, one of whom (patient 15) also had an infected knee joint. Eight had infections related to intravenous catheters, and one (patient 27) had a knee joint infection. There were 27 males (mean age, 56 years, ranging from 24 to 80 years) and 8 females (mean age, 61 years, ranging from 32 to 82 years). Other antibiotics given during treatment with teicoplanin included aminoglycosides (3 patients), metronidazole (9 patients), aztreonam (12 patients), ampicillin (1 patient), cephradine (1 patient), and ciprofloxacin (1 patient) ( Table 1) .
Osteomyelitis and joint infection. The essential role of surgical treatment of osteomyelitis cannot be overemphasized. All patients were evaluated either clinically or with flow studies to assess adequate vascular flow to infected bone. Debridement or vascular repair or both were performed when indicated. Cultures of remaining bone tissue from these study patients grew the pathogen. No antibioticimpregnated beads were used in the study.
Of the 27 patients with osteomyelitis or joint infection, 5 (patients 21 to 25) could not be studied for efficacy: 4 had negative cultures or the isolate could not be tested, and 1 patient was transferred to another hospital after receiving only two doses of teicoplanin. A further seven patients clearly improved but did not complete therapy and must be considered unevaluable. Five of these seven (patients 16 to 20) had therapy discontinued because of an adverse reaction to teicoplanin between days 5 and 12 of treatment, one was sent home on oral therapy (patient 26), and one (patient 27) was switched to oxacillin at the patient's request.
In 2 of the remaining 15 patients (patients 14 and 15), the outcome was failure, while in 13 (86.6%) (patients 1 to 13), infections were resolved completely at the end of therapy. After a follow-up period of -6 months, 1 (patient 11) was lost to follow-up and 2 (patients 12 and 13) had relapsed, bringing to 4 the number of failures from 14 patients evaluable after 6 months. Therefore, the persistence of successful resolution was 71% at that time. Among the resolved cases was that of patient 2, who was treated for 219 days according to the recommendation of the orthopedic surgery service; their recommendation was followed because the duration of treatment of vertebral osteomyelitis is controversial and the resolution of infection can be slow.
The two treatment failures (patients 14 and 15) illustrate the difficulties of treating deep-seated staphylococcal infections. One failure (patient 14) had vertebral body (L4) osteomyelitis. She quickly improved once therapy began and was sent home on once-daily teicoplanin therapy through a central intravenous catheter. She relapsed and developed a large psoas abscess while receiving the drug for 76 days. A careful review of her X-ray and computerized tomography studies identified a nidus of infection that should have been debrided before her discharge home. In tests of her serum bactericidal level, effective dilutions remained between 1:16 (trough) and 1:64 (peak) throughout therapy with teicoplanin; this may explain why she did well for so long while incubating a major collection of pus. The MIC for her pathogen increased from 1 to 4 ,ug/ml as treatment continued.
The other patient for whom teicoplanin treatment failed (patient 15) was a diabetic female with staphylococcal infection of bone, joint, and skin. Staphylococcal organisms persisted in joint fluid after 13 days of treatment with teicoplanin: cultures of bone and joint fluid continued to grow the pathogen, and signs of infection remained. This patient ultimately required a long duration of treatment with parenteral antibiotics to resolve her infection. This failure may have been due to inadequate dosing of teicoplanin, which was at the lower levels used in the initial part of this study (Table 1) .
Vascular-access-associated bacteremias. Eight patients with vascular-access-associated bacteremias received teicoplanin. Five were given three infusions of 6 mg/kg every 12 h and then one infusion of 6 mg/kg every 24 h. After the three initial loading doses of 6 mg/kg, one patient received only maintenance doses of 1.5 mg/kg daily. Another patient received maintenance doses ranging from 2 to 4 mg/kg daily after the three 6-mg/kg loading infusions. A further patient was given three loading doses of 12 mg/kg at 12-h intervals followed by daily maintenance doses of 15 mg/kg every 24 h.
Five patients could not be evaluated for efficacy: two had negative cultures and three received teicoplanin for fewer than 3 days. The other three patients responded to teicoplanin therapy. were recovered (Table 2 ). In addition, there were four positive cultures of S. epidermidis, one of S. simulans, one of S. haemolyticus, and nine of streptococci (group B, five cultures; enterococci, two cultures; S. sanguis, one culture; and group A, one culture). Four gram-negative isolates were recovered from bone from the study patients: P. aeruginosa, two isolates; P. mirabilis, one isolate; and Klebsiella sp., one isolate. These organisms were not tested with teicoplanin and were presumed to be resistant. Patients with positive cultures of gram-negative isolates received concurrent therapy with appropriate antibiotics (Table 1 ). All gram-positive Group B (n = 5), enterococci (n = 2), S. sanguiis (n = 1), and group A (n = 1); all were susceptible to all three drugs by disk testing, except the enterococci, which were susceptible only to teicoplanin and vancomycin. d ND, Not done.
isolates were susceptible to teicoplanin, and for all but two staphylococcal isolates, MICs were c2 ,ug/ml or 30-,ug disk zone sizes were .16 mm. After 2 months of teicoplanin treatment for an S. aureus isolate from patient 14, the MIC increased from 1 to 4 ,ug/ml and disk zone size decreased from 16 to 14 mm. For the single S. haemolyticus isolate, the MIC was 8 ,ug/ml and the disk zone size was 15 mm. Teicoplanin dosing and levels in serum. Dose levels were increased during the study because several patients with joint or bone infections failed to show clinical improvement at 6 mg/kg. Striking improvement was evident once doses of .12 mg/kg were administered. Eventually the protocol was amended so that everyone received a standard loading dose of 15 mg/kg every 12 h for 3 days and then 15 mg/kg every 24 h. Accumulation of teicoplanin was not apparent in those patients with a long duration of treatment, including one patient who received the drug for 219 days.
Peak and trough levels in serum were measured for all patients at the times of their third and seventh doses and weekly thereafter. Levels in serum increased with dosing, as the following figures show. The mean peak and trough levels (± standard error) were as follows: for 6 mg/kg, 25 ± 2 p.g/ml (n = 16) and 13 ± 2 ,ug/ml (n = 18); for 12 mg/kg, 79 ± 5 ,ug/ml (n = 16) and 32 + 2 jig/ml (n = 15); for 15 mg/kg, 85 ± 3 ,ug/ml (n = 19) and 41 ± 1 jig/ml (n = 14).
Serum bactericidal activity. Peak and trough serum bactericidal activities were measured whenever possible. In six patients in whom bone or joint infections were resolved, the median peak serum bactericidal level was at a dilution of 1:64 (range, 1:128 to 1:8) and the trough was at 1:16 (range, 1:32 to <1:2). In a patient in whom treatment failed (patient 14), the peak level was at a dilution of 1:64 and the trough VOL. 34, 1990 on November 6, 2017 by guest http://aac.asm.org/ Downloaded from was at 1:16; this patient sequestered pus for over 2 months before showing signs of an abscess, and the treatment actually failed because of inadequate debridement.
Audiology. Audiology testing was performed whenever possible. Both pre-and posttreatment evaluations were completed for 20 patients, including the patient who was treated for 219 days. Only two patients showed any hearing loss; one had only a 10-dB loss in the right ear at 4 kHz, and one had losses of 20 dB (left ear) and 30 dB (right ear) at 4 kHz and 15 dB (left ear) and 25 dB (right ear) at 8 kHz after 219 days. One patient complained of tinnitus, which resolved when the dose of teicoplanin was reduced.
Adverse reactions. Two types of adverse events required cessation of teicoplanin treatment. One vascular-access patient experienced acute bronchospasm during the first infusion. The problem resolved with discontinuation of the antibiotic. Five patients developed a macular rash associated with fever and with itching and nausea; these symptoms required at least 4 days to resolve once teicoplanin was discontinued. The rash and associated events occurred between days 5 (3, 8, 12) .
The data in Table 1 46 ,g/ml and their peak levels ranged from 64 to 122 ,ug/ml. On the other hand, levels in serum lower than these were recorded in one case in which treatment failed (patient 15): serum peak and trough levels were 40 and 9 ,ug/ml, respectively. Together, these data suggest that trough levels of teicoplanin in serum of .30 ,ug/ml are needed for consistent responses.
The safety of the doses of teicoplanin in the range of 6 to 14.4 mg/kg daily has been reported by other investigators (8, 9) . In this study, doses as large as 30 mg/kg daily were administered safely to one patient. Another patient was treated for 219 days and for 203 of those days received 8 mg/kg without any adverse effects. Nevertheless, two types of adverse reaction to teicoplanin occurred. One episode of acute bronchospasm was seen during the administration of a first dose. Five instances (28%) of fever and rash were observed in 18 patients who received doses of .12 mg/kg. This reaction developed between days 5 and 12 of therapy and required cessation of teicoplanin treatment. No particular lot of antibiotic was identified with this problem; however, all of the lots used were part of a single batch manufactured for this study. Drug fever of such frequency has not been reported by others who have studied teicoplanin. Tingling and flushing of the face, neck, and thorax (the red neck syndrome) is associated with the infusion of vancomycin; this syndrome was not observed in patients in the present study and was not associated with the observed drug fever and rash. Ototoxicity or renal toxicity presented no major problem; whether such toxicities might occur when aminoglycosides are given concurrently is not known.
In summary, when administered at levels yielding trough levels in serum of >30 ,ug/ml, teicoplanin appears to be effective once-a-day intravenous therapy for deep-seated bone and joint infections caused by susceptible pathogens. Indeed, teicoplanin has the potential to become a useful parenteral antimicrobial agent in outpatient therapy due to its single daily dosing. Further studies are needed to establish effective dosing for other types of deep-seated grampositive bacterial infections and to document safety when the antibiotic is administered both alone and with ototoxic or nephrotoxic agents.
